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Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : (33) 99 84 71 00 – Télécopie : (33) 99 84 71 71









































£/5.4 ; NM5OM"M2PM /B"4
!QayZja4njQa`5^WnjZ\k¢9 kin\Qaªi¡[SelhQnjkl[Sm±[W&n\Xa~M¾v^%QhQmQ[%»5a%qshz^Wnjkl[Sm
Q5LRS5UT\ ;WVX ¤ /B"4





















n\Qan\Xay[RZj¾#[W@­^WZ\njkg^%eMuvkpÀrayZ\am=njkg^Weva%qshz^Wnjkl[Smzi/Bi¡aastRas¨ ]Q¨lt 1 A3,4J^Wm­ukgi¬z^Si¡a%u#hQz[Rm9h­i¡a
[Wrn\Xa!f_z^WZ^RfOnjayZ\ki¡n\kfyi@£ /5.4_t_¥kiúZja%^We«t_¥±¦{vtR!Qkgf_Qakm=njZ\[vu=h­fOa%u4kmQkiúea%fOnjhQZ\a%i
[Rm"[SZ_u=kmz^WZj¾"u=k ÀMaZ\aymvn\k^We@a%qshz^Wnjkl[Smziklm¿[%»s[siGkl¬QkZ_i+0Bsn^Wnja#¯mQk»sayZ_iGklnG¾ /B!hzi\iGkg^ 4Èklm
y \Ás¨J}ffO[RZu=klmQ]n\[ 1 3Jn\Xa#f_z^WZ^RfOnjayZ\ki¡n\kfyi!£ /5Y4²[RZn\Qa#`.^Wn\Zjkl¢65*^WZja#u=aOo­mQa%u
^Ri²[Reel[%iQk njQaklmvn\ay]SZ_^We
4 ;
 /\ R : M5 Me4  ·_· 8: ¤ /Ü 4
ay¢vkgi¡niOtQnjQaym
£  /5.4 ;!  M5 M"M2  M%¤ /#" 4!QayZja   ;%$   /\R'&4(  ·)+* 8 &, -/.
ÜnjQaklmvn\ay]SZ_^We2/² 4u=k»sayZ\]Sa%iOtvn\Qam±£ /5Y4 ; Z ¨Bn5iGQ[RhQeu ¬za,mX[Rn\a¼uÄQaZ\an\z^%n.²[SZ5n\Qa KhQZj!kln\É"`.^Wn\ZjkgfOa¼in\Qa"km=njay]RZ^WeO/Ü 4
ay¢vkgi¡ni$²[RZ¥ ; 9^Wmzu±ki$njQa#hQmQkqÁhXa#i¡[SelhQnjkl[Sm"[Wn\Qa~M¾v^WQhXmQ[%»±a%qshz^Wnjkl[SmS/B 4tMkB¨ as¨n\Qaz^%Z_^%`9ayn\aZ!£  /5.4fO[RkmzfOkguva%i!kn\8£Y/5Y4_¨©Qai¡za%fOnjZ_^%ef­^WZ_^SfOn\aZ\kgiGn\kfyi!£  /5Y4È^Weel[%n\[9km=njZ\[vu=h­fOamQafOZ\kn\ayZjkg^ 1 S´Bb=3[W
n\QaÈ^RiG¾=`9Xn\[Rnjkgfi¡n^W¬Qkelkn¡¾ ^Wmzu#iGn_^W¬XklelknG¾kmn\Xa!i¡amzi¡a[W ~M¾v^WQhXmQ[%» ²[SZn\XaiG[RehQn\k[Rmzi
[WnjQai¡¾Xi¡njay` /jA4_¨±[SZ\ay[%»sayZthziGklmQ]3n\Qaf_z^%Z_^Rf2n\ayZjkgi¡njkgfyix£  /5Y4²[SZ8 ` ¥ ¹
10¼.kmzi¡nja%^Ru5[W£/5Y4[RmQafy^Wm"[S¬Qn_^%klm"iGn\Zj[RmQ]SayZmvhQ`9ayZjkgfy^%eMZ\a¼i¡hQen_iO¨z[Rn\aªn\z^%nnjQa
^WQXZ\[s^Sf9²Zj[R` 1  3z®aZ\`9kn_i^%egi¡[ªn\[i¡[Re»saiG[R`9a!XZ\[R¬Xelay`5iJ[WJelkmQa%^%Z^%el]Say¬QZ_^v¨v©=hzi2t
n\Qa¿f­^WZ_^SfOn\aZ\kgiGn\kfyi#£ /5Y4zayZj`9klnªn\[^%mzi¡ayZ[Rm njQa"qshQa%iGn\k[Rm2[sa¼i9^,`5^%n\Z\k¢
i¡za%fOnjZ\hQ`¬zaye[RmQ]n\[D^$eklmQa /«^Wm#^%mQ]Reast%^i¡n\Zjkl[RZ ^fO[Sm=»sa¢z[Re¾=]S[Rm 4rklmªn\QafO[S`9Qeay¢
Qeg^%mQa3
©Qa[SZ\]s^%mQklÉ¼^Wn\k[Rm8[WnjQaz^WzayZkgi!^SiÈ²[Selel[%i2¨QBm0Bsa%fOnjkl[Rm­i!W´²9aQZja%i¡aymvnnjQa




^We]R[RZjklnjQ` !Xkgf_5^Weel[%inj[[R¬Xn_^Wkm5n¡[R´«i¡ku=a%ua%iGn\k`5^Wnja%iú²[RZ£ /5Y4J¬=¾`9a%^%mzi[W ^
fO[R`xQhQn\aZy¨NB³a%fOn\k[Rm5b#QZja%i¡aymvn_i!iG[R`9aDm=hQ`xayZ\kfy^Wezay¢X^W`9Xela%i2¨









 JË=Ïz%Ë  	 
%&(	
 4 # 
 	&( $" !A  A
+ 
   
'"	
   ¤  ¦ /   M5 Me4 - M  M  . /Bb"4
%Ï@Ï ÇQZ\[R`/njQa#u=a2ozmQklnjkl[Sm /Ü 4!kln!²[Reel[%i!kl`9`9a¼u=k^Wn\ael¾#n\­^WnnjQa`5^%n\Zjkl¢5 
kgiKaZ\`9kn\kg^%m@¨s©@[XZ\[%»san\z^%n!n\Qa`5^%n\Z\k¢  kgiz[³i¡klnjkl»sauvaOozmQkn\aaf2[RmziGkgu=ayZ!njQa
qÁh­^Ru=Z^Wn\kf½²[RZj`  4  ¤  ²[SZª^Wmv¾,»sa%f2n\[RZ  ¨@BnkgimQ[Sn#u=k5f2hQelnnj["iGQ[%Ln\­^WnnjQa
²[Reel[%!klmQ]#ku=aymvn\kn¡¾Q[SeguQi
 4  ¤  ;
  /\ R & M5OMe4   My· *  M 8 & . /¡ 4
Bmzu=aya%urtQ^RffO[RZu=klmQ]n\[ /Ü 4
   ¤  ;  $   /j R'& M5 Me4   · * _· * 8 & ,  ¤ 
;
  /\R'& M5 Me4    · *  · *   ¤  8 & ;   /j R'& M5 Me4   My· *  M  8 & .
©Æ^=+=kmQ]klmvn\[^RffO[RhQmvn
·  *  ! M  M¹ My· *   M%¤
¬=¾ /¡4a[S¬Qn_^%klm
 4  ¤  ¦   /\ R & M5OMe4   · +*" ! 8 & M  M  .
©Qkgi!ela¼^RuQinj[Q/«b 4_¨ #














M24 M, M2/.=M .
%Ï@Ï ~Man   ¤(M   M ; StQ¬®aª^#»sa%fOnj[RZ!iGhzf_njz^Wn
M2/.AM ;  /.   ¤    .
ÇQZ\[R` /¡4az^y»sa
M2/.AM ;








`   /\R'& M5 Me4(  My· *    M 8 & ;  4   ¤   
¹L`5^%¢
    	-    ¤  ; M2  M .
#
 JË=Ïz%Ë   






 #$  
   
















 """	G= e'" 
!"	"$ &% $











¶4·J¸ ,{v¨z©Qaym8¬=¾ /¡ 4²[SZ^#fO[SZ\Zja%i¡z[Rm­u=klmQ]ayk]Raymv»sa%fOnj[RZ  !a4­^¼»sa
 4   ¤    ;
  /\R'& M5 Me4   My· *    M  8 &
/\"4
;
 /\ R'& M5 Me4   · +* 8 & M   M  .
JhQn!kp&¶·Æ¸ ,{n\Xaym9n\Xkgiklmvn\a]RZ_^%e@u=[sa¼i¡m  n!ay¢=ki¡n¨­d[Smzi¡a¼qÁhQam=njel¾stsn\Xa4`.^Wn\Zjkl¢ 
kgikmzu=aOozmXkln\a³¨s©=h­iOtQaz^y»sa^#fO[Sm=njZ_^Su=kgfOnjkl[Sm@tskB¨ a³¨ÁnjQaayk]Raymv»S^WehQa%ify^WmXmQ[Rn!¬zaye[RmQ]
n\[n\QaZjkl]Rvn!z^%ep²´²Qeg^%mQas¨
}iji¡hQ`xan\­^Wnn\QaZ\aay¢=ki¡ni^Wm-k`5^W]Sklmz^%Z\¾5ayk]Raymv»S^WelhXa9¸  [%!n\Xa`5^%n\Zjkl¢ 5 ²[SZ
!Qkgf_n\QaiGklÉya[WÈn\QaxfO[RZjZ\a%iGz[Rmzu=kmQ]R[SZ_uQ^%m-¬Qe[vf +8kgia%qshz^Wen\[ *v¤ * ,Ã¥r¨J©Qaym
n\QaªiG¾QiGn\ay` /jA4z^Ri^#i¡[SelhQnjkl[Sm±[W&n\Xa ²[SZ\`
9 / : 4 ; ·  / : . -  - R{¨y¨y¨R  .4 ; ·   . .
}fyfO[SZ_u=kmQ]#n\[ /¡ 4²[RZn\Qa]SaymQayZ^WelkÉya%uakl]Ram=»sa%f2n\[RZ  . az^y»sa
 4  .O¤  .  ;
  /\R'& M5 Me4  My· *   .AM 8 &
;
  /\R'& M5 Me4(  M& . -  - R ¨y¨y¨R  .eM 8 & .
Bsklm­fOa  - ki^%m










n\Qa[RZ\a` ^W¬z[RhXnnjQa5^RiG¾=`xQn\[Sn\kgfxi¡n_^%¬QkleklnG¾"n\Xa`xklmQk`5^WeJm=hX`¬zayZ¥ ; ¥   i¡hzf_n\z^%n9n\XayZ\a8ay¢=ki¡ni9^,`5^%n\Z\k¢,[%ªn\Qa±²[SZ\` /Ü 4#`h­i¡n#¬za"]RZja%^WnjayZ9n\­^Wm{ÉyayZj[Q¨©Qa
²[Reel[%!klmQ]8nG["n\Xay[RZjay`5i^Riji¡ayZjn#n\z^%n¥   ki4hQmQkqÁhXayel¾u=a2ozmQa%u,¬v¾n\Qa9`.^W¢vkl`5^%e
i¡kÉya[W&n\Qa R[RZuQ^Wm"¬Xel[vf+Qi!fO[SZ\Zja%i¡z[Rm­u=klmQ]n\[#njQakl`5^%]Rkmz^WZj¾ayk]Raymv»S^WehQa%iO¨
 JË=Ïz%Ë   
>¥ #0$
0&($!$&(  U  & 	







  "	&  (' 
  $
 &(
25 !A   
A"N
 $&( &"$ " )









 """ 	G=   " 
!"	"$ & $




















 #$   
A "N











 " "$ &$
$&( & $ " ).
 & 
	  
.# ¥ ' $
4(
%
A#  "	4 -"











 #$'  
0$
     $ &0
G$"<!A
4 5LR 5 T 4 ;WVX R2¥ M5 M2  -+ . /B"4
%Ï@Ï Bmvn\Zj[vu=hzfOan\Xa4`.^Wn\Zjkl¢
4 / : 4 ;
  /\R'& M5 Me4  · *  _· *  8 & . /\ 4
Å,amQ[%ÃXZ\[%»san\­^Wn
4 / : 45SRS5 T 4"/ : 4 ; /\ R : M5OMe4   ·   ·  VSX R O¥ M5OM24 -+ / : 4 . /\SA4
Bmzu=aa%uMt=h­i¡klmX]#QZ\[S®aZ\n\ka%i[W n\Qa`5^%n\Z\k¢a¢=z[RmXaym=njkg^%eMaz^y»sa
4 / : 45PR 5T\4 / : 4 ;








; /\R : M5 Me4   ·   ·  VSX RO¥ M5 M   /j R & M5 Me4   - · *  · * 8 & .
Kaymzf2ast=¬v¾9n\XauvaOozmQkn\kl[Sm9[W  -+ / : 4&a[R¬Xn_^Wkm /jRA4¨zÇQZ\[R` ©Qay[RZjay`/v¨â
My·  M¹ =/\ R : 4  - ¤ : ¦F .
Bsklm­fOa
4 / : 4 4S¤
  -  / : 4   -+
!klnj :  R Z t=a4­^¼»sa'/B 4¨ #
 JË=Ïz%Ë  "<$
a "&   
 &(	
¿4S$





M24 MD¦C/   M5 Me4 - . /\ 4






 # Y  
A2"N








M24 M¦ /BO¥ M5 Me4 - . /\ 4
[Sn\anjz^Wnn\Xa4kmQa%qshz^WeklnG¾?/\ 4kgi`9[SZ\aiGn\ZjkgfOn!njz^Wm /\y"4¬za%f^WhziGa ²[SZ¥ 8; 
 - ;   /\R'&4   · +*8 & `   /\ R & 4   -8 & ; 2¥ .
%Ï@Ï ©Xa4kmQa%qshz^WeklnG¾ /\y"4²[Sele[Wi²Zj[R` /«b 4^Si
M2  M ; `5^%¢   	-    ¤  .
Å,amQ[%ÃXZ\[%»sa(/\ 4¨M~Mayn 9 / : 4¬zaª^iG[RehQn\k[Rm5[WnjQaªi¡¾Xi¡njay` /\=4_tQnjQaym5az^y»sa
8













 4 9 / : 4_¤ 9 / : 4  ¹ M24 M"M 9 / : 4eM
^Wmzu8©Qay[SZ\ay`/v¨â#a[R¬Xn_^Wkm
8
8:  4 9 / : 4_¤ 9 / : 4  RCM24 M -  4 9 / : 4¤ 9 / : 4  ¹FO¥ M5OM  4 9 / : 4_¤ 9 / : 4  .
$a!Z\klnjan\QkiklmQa%qshz^%elklnG¾#kmnjQa²[RZj`
8
8:  ay¢v/ : M24 M- V : 2¥ M5 Me4  4 9 / : 4_¤ 9 / : 4  #¹F .
d[RmziGa%qshQaymvn\el¾³t
   9 / : 4¤ 9 / : 4  ¹ a¢= / : O¥ M5OM V : M2  M-	4    9 /B 4¤ 9 /B 4  .
Ün\QaZ\aa¢=ki¡n_i^WnDela%^Si¡n[SmQa#kl`5^%]Rkmz^WZj¾9aykl]Saymv»R^%elhQa[%njQa#`5^%n\Z\k¢5ªt®njQaym±²[RZD^Wm
^WZj¬QklnjZ_^WZj¾9iG[RehQn\k[Rm 9 / : 4@njQaqshz^Ru=Z^Wnjkgf²[RZ\`    9 / : 4¤ 9 / : 4  fy^%mQmQ[Sn!u=a%f2Z\a%^Si¡a!Qaym
:  R Z ¨KaymzfOa³t=klnkgimQa¼fOa%i\ij^WZj¾9n\z^%n2¥ M5 M V M24 M - ¦ v¨ #





Y ".")¥ , * R 10%0$




M2  MD¹ //B2¥ V A4eM5OMe4(-e/«NM5 M"M2 . M R A4 .
%Ï@Ï }Di¥ V 10% , *=tvhzi¡kmQ]x©Qay[RZjay`/v¨âb#az^y»sa
  -+ 5PRS5 T   -+ ;WVUX R /BO¥ V A4 M5 M24 .
J¾5©Qay[SZ\ay` =¨âa[R¬Qn^Wklm
M24 M ; //B2¥ V =4eM5 Me4-M2  -+ 5PRS5 T   -  R X M
¹W//BO¥ V =4eM5 Me4-e/	M2  -+ M"M5 M R M5 T M"M2  -+ M R A4
; //BO¥ V A4 M5 Me4(-e/BNM5OM"M2  -+ M R A4










`5^WnjZ\k¢{4 ; elkl`     4 / : 4ay¢vkgiGn_iOtQnjQaym5n\Xa «^%`9kle¾#[W&n\QamQ[SZ\`5i"µ M24.M%ºs¤*#¦{=tQki!i¡n\ZjkgfOnjel¾xu=a%fOZja%^RiGklmQ]#!kn\5]RZj[%!n\±[% *=¨X±[RZjay[%»sayZyt
M24.M ; %/\10* 4¤ *  Z .




%&($ $&(     & 	








Y " :  R Z  
.! A
.$
   G $ &Q
G$" 
M24 V 4 / : 4eM ; %/ : - 4_¤ /\ " 4
M2  -+ V   -  / : 4eM ; %/ :  4¤ /\b 4
M=/B  V   / : 44 5PRS5 T /B  V   / : 44 M ; %/ : 	4 /\%4 

4 / : 4.#  
 N






 JË=Ïz%Ë   	 
  >G $ &0
 G 
 !
£ /5.4 ;!  M5 Mri¡hQ   $   /j R'& M5 Me4(  My· *   M 8 & ,M  My¤ /\ \ 4

















^WZjaku=aymvn\kgf^WenjQaym£=/5 0   5  I4 ; Z kpÈ^%mzu,[RmXel¾±k £ /5Y4 ; Z ¨@Ü£ /5.4^Wmzu£È /5 0   5  I4r^WZ\aozmXkln\anjQaymO/\ 4z²[Rele[%i®²Z\[R` n\QaÈu=aOozmQkn\k[RmziM[%QnjQa%i¡az^%Z_^%`9ayn\aZ_iO¨
Bmzu=aya%urt
£ /5Y4 ;   M5 M"M24 M ;!  M5OM"M   /j R'& M5 Me4   · *  · * 8 & M
;! "M   /j R 4(  ·(   ! _·(  ! 8  M ; £ /5 0 M5OMe4 . #
 JË=Ïz%Ë   $ 
>£ /5Y4 ` Z '2$
 .`{£ ./5Y4 `{£ /5Y4¤*,°¥ .
%Ï@Ï ¯Di¡klmX]4njQaDu=aOozmQkn\k[Rm /#" 4 ^Wmzux©Qay[RZjay` =¨ÿ=tsaz^y»sa"£ .	/5Y42`{£ /5Y4_¤
*/, ¥ . J¾#©Xay[RZjay` =¨n\Xa!`5^WnjZ\kl¢4!ki KayZ\`9kn\k^Wmz[³i¡klnjkl»sau=a2ozmQklnjas¨s©QaZ\aO²[SZ\a
M24!M ; `5^%¢   	-  4  ¤  .
©Æ^=+=kmQ]klmvn\[°^RfyfO[ShQmvn?/Bb 4ta5[R¬Qn^Wklm M2  M¦ /   M5 Me4 - ¨ KaymzfOa³tÆ£  /5.49¦ S¨Bsklm­fOa5n\Qa9«^W`xklel¾3µ%£  /5.4_º5kgi`9[SmQ[Rnj[RmQkfy^Weel¾°u=a%fOZja%^RiGklmQ]!klnj
kmzfOZja%^RiGa[%¥Mtkn
²[Reel[%i$njz^Wn£  /5Y4 ,  . #
 JË=Ïz%Ë    
> $
O&(	





¸    $5¶4·J¸  ,
 
 £  /5Y4 ;CZ  ".>=¥5¦F
.
%Ï@Ï ~Man   ¬zaª^Wm±akl]Ram=»sa%f2n\[RZfO[SZ\Zja%i¡z[Rm­u=klmQ]n\[5¸  ¨J¾Q/\ 4az^y»sa
 4   ¤    ;
  /j RCM5 Me4  ·  *    8 & M   M .
Bsklm­fOa¶4·Æ¸  ,{vtyklnM²[Reel[%i@n\z^%nÆnjQaklmvn\ay]SZ_^Wevuvkl»sayZj]Ra%i2¨Wd[Rm­i¡a%qshQaymvn\e¾sty£ /5Y4 ;CZ²[RZD^Weez¥M¨ #
 JË=Ïz%Ë    
>£
	/5Y4 ;CZ ' 
  5 !A   
A "N

  & 
	e 











n\k»saZja%^Wevz^%Z\n_i2tRkB¨ as¨y¶·Æ¸  ¹F=¤  ; S¤y¨y¨y¨2¤7¨RÇQZ\[S`n\Qa Faep«^Wm­u=´B³Qkle[W»kmQa%qshz^WeklnG¾/BiGayastQas¨ ]Q¨lt1pA34az^y»sa
My·2M¹­ R /B : M5OMe4 R{¨y¨y¨=R /« : M5 Me4 	 -/7 V A4 ¤ : ¦F . /BS 4
©z^Wnkgi
 ·  ¤O·
	  ¹QR /« : M5 Me4 R ¨y¨y¨=R /B : M5 Me4 	 -/7 V A4   M  M"M	(M
²[RZD^Wmv¾9»sa%fOnj[RZi  ¤	4¨KamzfOastvn\Qaªqshz^Ru=Z^Wnjkgf²[RZj`
 $   /j R'& M5 Me4( 	 · *2· *  8 & ,  ¤	 
;
  /\R'& M5 Me4  	  · *  ¤O· * 	  8 &
z^Rin\Qaªelkl`xkln!Qaym :  R Z ¨Md[RmziGa%qÁhXaym=njel¾stvn\Qaª`5^WnjZ\k¢9 	Fay¢vkgi¡ni!^Wmzu"£
	 /5Y4`h­i¡n¬zaozmQklnjas¨Q©vhzi2tQaz^y»sa^fO[Rmvn\Z^Ru=kfOn\k[Rm@¨ #













 $&(  	=
.U 
 
!"("" G= e%" 
!"	"$ & O 
U$&( &"$ " ) 
 & 
  e 
O# ¥ '  
 £ - /5Y4 ;CZ " ½£ /5Y42` Z 




My· M ; M· -MD¹ M M"M -=M"My· M¹ =/\ R : M5OMe4  -O¤ : ¦{ .
¯iGklmQ]#njQkgikmQa%qshz^WeklnG¾stRa[R¬Qn^Wklm
 ·   ¤O·   	  ¹   /j R : M5 Me4    M  M"M	(M
²[RZD^Wmv¾9»sa%fOnj[RZi  ¤	4¨ BskmzfOa²[SZ4 / : 4²Z\[R` /\y"4









elkl`     4 / : 4  ¤	  .
d[RmziGa%qshQaymvn\el¾³t=n\Xa4`.^Wn\Zjkl¢x4ki!u=aOozmXkln\aª^%mzu±£ /5Y42` Z ¨[%ÃaQZj[%»san\­^WnD£  - /5Y4 ; Z ¨M}iji¡hQ`xa4njz^Wn £  - /5Y4 ` Z ¨rÇ­Zj[R` /\ \ 4az^y»sa
£ - /5.4 ;   - M5 Mri¡hQ   $   /j R'& M5 Me4(  =My· *   M 8 & , M  M
;   - M5 Mri¡hQ
    $   /j R & M5OMe4    M· *  9 M  8 & , M 9 M  .
Kaymzf2astÁ²[SZ^Wmv¾»sa¼fOn\[SZ 9 8; =t
  - M5 M $   /j R & M5OMe4    M· *  9 M  8 & , M 9 M  ¹{£  - /5Y4 ` Z .
Bsklm­fOa#n\Qa`5^%¢=k`5^WeJiGklÉya#[%n\Qa R[SZ_uQ^%m-¬Qel[vf+Xi4f2[RZ\Zja%i¡z[Smzu=klmX]±n\[5njQak`5^W]Sklmz^%Z\¾
aykl]Saymv»R^%elhQa¼ikgi¥MtQnjQaym5n\XayZ\aay¢vkgiGn_i^#»sa%fOnj[RZ 9  i¡hzf_5n\z^%n
 · 9  ; ·   / :  -  - R{¨¨y¨AR   4_¤ ¶4·J¸  ;  .




 JË=Ïz%Ë    
>#£ - /5Y4 ; Z "	±£ /5Y4O` Z  "  M¥ ' 







 $&(  	=
OO$
 
 """ 	 A e?"
 
!"	"$ & $












z^WZjn_i#kpD^%mzu-[RmQe¾,k D£  /5Y4'` Z ¨ mn\Xa9[RnjQayZ#z^%mzuMt^RffO[RZu=klmQ]8n\[©Qa[RZ\a`=¨ÿ=tzn\Qa`5^%n\Z\k¢5z^Ri!mQ[Sn^%m=¾5ayk]Raymv»S^WelhXa%i!kn\±z[³i¡klnjkl»saZ\a¼^We@z^%Z\n_i2¨M©XayZ\aO²[SZ\ast




mz^WZj¾,akl]Ram=»S^WehQa%i¬za#¥R z¨JÇQZ\[S` ©Qa[RZ\a` =¨"5a9­^¼»sax£  - /5Y4 ; Z ^Wmzu£  /5.4` Z ¨ BskmzfOa#£  /5Y4.` Z tMkn²[Reel[%injz^Wn  8; R¨@©J^A+vklmQ]5km=nj[5^Rfyf2[RhQmvn©Qay[SZ\ay` =¨âvtsa![R¬Xn_^Wkm#n\z^%n #fy^%mQmQ[Sn¬zaz[siGklnjkl»sas¨m#n\Qa[RnjQayZz^%mzuMtskp `{vt
n\Qam 5fy^%mQmQ[RnD¬®aªa%qshz^WeJn\[ V ^Si£  - /5Y4 ; Z ¨rÜ 8¹ V =tzn\Qaym8¬=¾8©Qa[RZ\a`=¨ÿ½a4­^¼»sa £  - /5Y4 `3£  /5Y4 ` Z ¨z©Qkgiea%^RuXin\[x^#fO[Rmvn\Z^Ru=kfOn\k[Rm@¨!KaymzfOa³t fy^Wm8¬za4[SmQel¾xÉyayZ\[X¨ #
©QaQZj[s[W[%©Qay[SZ\ay` =¨ ²[Sele[Wik`9`9a%uvkg^Wnjaye ¾4²Zj[R` njQkgi!©Qa[RZ\a`"¨
 JË=Ïz%Ë    
> £ - /5Y4 ; Z "	 £ /5Y4?` Z  "?  ¥M¤  
£È - 
	/5Y4 ` Z  ".") ,Ã)0% 
%Ï@Ï ÇQZj[R`/©Qa[RZ\a`/=¨
£ - 	e/5.4 ;!  - 	AM5OMi¡hQ   	-   /\ R & M5 Me4(  ( 	 My· *   M 8 & M  M .
¯i¡kmQ]©Qay[SZ\ay` =¨âbvt®az^y»sa
My· *  M¹ =/\ R'& M5 Me4  - M  M%¤ &¦F . /BvA4
©Qkgi!ela¼^RuQinj[9£ - 
	/5.4 ` Z ²[SZ^Wmv¾,Ã)0%=¨ #
 JË=Ïz%Ë     
 
@¥ 	





±£  /5.4.` Z  6"	0"  ) D£  -+ /5Y42` Z 
%Ï@Ï ©J^A+vklmX]±klmvn\[8^SfyfO[RhXm=n©Qay[RZjay` =¨ÿ=t@klnkii¡h 5fOkaymvnn\[8»sayZ\k ²¾njz^Wnªkp








ÇÆkZ_iGn9a°fO[Rm­i¡kguvayZ5n\Qa°fy^RiGa,[%ª¥ ; =¨D~Mayn8£ -  /5Y4 ` Z ¨ BshQQz[³i¡an\z^%n£  /5Y4 ;CZ ¨zÇQZj[R`/©Qa[RZ\a`/=¨ÿ½a4­^¼»saª£ - /5Y42` Z ¨Md[Smzi¡a%qshQaymvn\e¾st=¬v¾5©Qa[R´Z\ay` =¨ÿbn\Qa`5^WnjZ\k¢ 5z^Ri^%nela%^Si¡n[SmQa!kl`.^W]Rkmz^WZj¾ayk]Raymv»S^WelhXa¸  ¨S~Mayn   ¤M   M ; ¬za#^#fO[SZ\Z\a¼i¡z[RmzuvklmQ]9akl]Ram=»sa%f2n\[RZ¨v¯i¡kmQ]©Qay[SZ\ay`/v¨lStQa[R¬Qn^WkmnjQaklmQa¼qÁhz^%elkn¡¾
 -+ M5 M   /j R'& M5 Me4 -8 &
;  -+ M5 M   /\ R'& M5 Me4-My· *   M 8 & M   M¹F£ -+ /5Y42` Z .
JhQn!n\Xa4km=njay]RZ^We@ki!u=kl»sayZj]Raymvny¨sÅaz^y»sa^f2[Rmvn\Z_^Su=kgf2n\kl[Sm@¨
d[Smzi¡ku=ayZnjQafy^RiGa!!Qaymª¥kgiJmz^WnjhQZ_^%eB¨sÅ,a^Si\iGhQ`9anjz^Wn£ /5Y4 ;CZ ¨s}DiÆmQ[Rnja%ua%^WZjelkayZytQk £  -  /5Y4 ` Z tzn\Qam"£ - /5.4 ` Z ¨r©QayZjaO²[RZjastz¬=¾8©Qay[SZ\ay`v¨âb#a[R¬Qn^Wkm
njz^Wnªn\QaZ\aay¢=ki¡ni¸  !klnj¶4·J¸  ; 8^Wmzu-elkmQa%^%Z\el¾8klmzuvayzaymzu=aymvn»sa%fOnj[RZ_i - ¤   ¤y¨¨y¨O¤   - i¡hzf_5n\z^%nnjQa»sa%fOn\[SZ²hQm­fOn\k[Rm
9 / : 4 ; · / :   - R :  -   R ¨y¨y¨AR   - 4
kgi!^i¡[SelhQnjkl[Rm8[W&n\QaªiG¾QiGn\ay` /jA4¨z¯i¡kmQ]©Qay[SZ\ay`/v¨lStQaz^y»san\Xa4a¼i¡n\k`5^Wnja
  -+ M5 M  /\ R'& M5 Me4  -AM&   - R &  -   R{¨y¨y¨=R   - M 8 & M   - M
¹F£  -+ /5.4 .
Bnfy^Wm8¬®aZjay!Z\kn\n\am5^Ri
$  /\ R'& M5 Me4   - M&   - R &  -   R{¨y¨y¨=R   - M  8 & , -+
¹ £  -+ /5Y4  -+ M5OM  -  M   - M .
©Æ^=+=kmQ]klmvn\[^RffO[RhQmvn!n\Xa±km +s[%»Qi+=kkzklmQa%qshz^%elklnG¾stsa[R¬Qn^Wkm      $   /\ R'& M5 Me4  -   &    M  - M 8 &, - 
V
   /\ R & M5 Me4   - M
 -









¹ £  -+ /5Y4  -+ M5OM  -  M   - M .Kaymzf2ast
$   /j R & M5OMe4   -   &    8 & , -+ M  - M
¹
 -
   $  /\ R'& M5 Me4   -   &     8 & , -  M ¼    - M
R  £  -+ /5Y4  -+ M5 M 
-+
M   - M .
JhQn^%eleiGhQ`9`5^%mzuQiklm"njQa#Z\k]Rvn\´²z^Wm­u"i¡kguva^WZ\ao­mQklnja#^Wm­u njQa#klmvn\ay]SZ_^%eú²Zj[R` njQa
elaO²n!ki!u=kl»saZ\]Ram=n¨=©vhzi2tQaz^y»sa^fO[Rmvn\Z^Ru=kfOn\k[Rm@¨!KaymzfOa³tQ£ /5.42` Z ¨ #
ÇÆkmz^Weel¾stsa4XZ\[%»sa©Qay[SZ\ay` =¨âv¨
%Ï@Ï ÇQZj[R` njQaªu=aOozmQkn\k[Rmzi[%n\Qa`5^%n\ZjkgfOa%i4S¤4 / : 4a4[S¬Qn_^%klm8n\z^%n
  V   / : 4 ;
  /\R'& M5 Me4   · * · * 8 & .
J¾5n\XafO[Rmzuvkln\k[Rmzi[Wn\Qa©Xay[RZjay`"ts¥"kginjQa#`9kmQkl`x^Wermz^WnjhQZ_^%emvhQ`¬zayZi¡hzf_
n\z^%nn\Xa#`5^WnjZ\kl¢.4a¢=ki¡n_i2tQkB¨ as¨z£È - /5Y4 ; Z ¤z£È /5Y4 ` Z ¨M©Xaym"¬=¾8©Qa[RZ\a`=¨ÿb½njQaklmQa%qshz^%elklnG¾?/«=A4Q[SeguQi²[RZ^%m=¾9»sa¼fOn\[SZ  ¨!KaymzfOa³tÁa¼i¡n\k`5^WnjklmQ]ªn\Qakm=njay]RZ^We  /\ R'& M5 Me4  My· *   M 8 &
a[R¬Xn_^Wkm /j" 4¨
ÇQ[RZj`hXeg^Wa%/\b 4È^Wmzua/\%4Èfy^Wm5¬zaQZj[%»sa%uklm8^i¡k`9kle^WZ!^y¾s¨ #
    &	 ,		  ( #$%	 +
687"%#9	 	 " 97"  &.%7¿.  0"














 JË=Ïz%Ë   	 





  !   G"N
ªµ%¶4·J¸Q`




A# ¥ S1 v¤ - 3     $!Æ£ /5Y4 ` Z 
%Ï@Ï Üª^Weeayk]Raymv»S^WehQa%i¸  [%'5 z^y»sa±mXay]s^%n\kl»sa5Zja%^Wez^WZjn_i2tn\Qam ¬v¾
njQa
~M¾v^WQhXmQ[%»njQay[SZ\ay`/£  /5Y42` Z ¨ÅamX[W3QZ\[%»san\z^%nkpJ£ /5Y4 ` Z ²[RZÈi¡[R`xa¹-¥5¹10¼=t=njQaymn\QaDi¡za%f2n\Z\hX`[W 5 kgifO[Rmvn_^%klmQa¼uklm#n\Xa![RzaymelaO²n­^Wep²´²Qe^WmQas¨³« £ -+ /5Y42` Z tRnjQaym#¬v¾#©Qa[RZ\a`=¨^\-£  /5Y4?` Z ¨2KamzfOast&^RfyfO[SZ_u=kmQ]n\[n\Qa¿~M¾v^WQhQmX[W»njQay[RZjay`"tJn\Qa8i¡za%f2n\Z\hX`[W5 ¬zaye[RmQ]³in\["njQa[SzaymelaO²nz^%ep²´²Qeg^%mQas¨ÜnjQayZ\aay¢vkgiGn_i!¥  /«=¤ - 4iGhzf_-n\z^%n£È /5Y4 ` Z t%n\Xaym½²Zj[R` ©Qay[RZjay`*v¨âa![S¬Qn_^%klmn\Qa^%¬z[W»saDfy^Si¡a![Wú£ -  /5Y4 ` Z ¨#
 JË=Ïz%Ë   $  

	  & 5 	
G" &=(  
%GA=
 
  !   G"N
µ%¶4·J¸




 # È¥5¦{<     !&£ /5Y42` Z 
%Ï@Ï Ü^%ele!ayk]Raymv»S^WehQa%i½¸  [%%5 z^y»sa±¶·W¸  ¹ =tnjQaym¬v¾©Qay[SZ\ay` =¨ "
£È /5Y4a` Z ²[RZ5mz^%n\hQZ^We¥ !Qkf{kin\Xa"`5^W¢vkl`5^%e!iGklÉya8[W#njQa R[RZuQ^WmF¬Qe[vf +XifO[RZjZ\a%iGz[Rmzu=kmQ]9nj[#n\Qakl`.^W]Rkmz^WZj¾akl]Ram=»S^WehQa%i2¨
d[Sm=»sayZi¡aye¾stÆk £ /5Y4 ` Z ²[RZxi¡[R`xa¥§¦ =tn\Xaym




 JË=Ïz%Ë     
  >  "$" . 
 ) 
&  O#%A) & $  )'	 
  "




 #$¥ S1 =¤ -  3      !J£ /5Y4 ` Z 
%Ï@Ï !ay`9kmzu±n\z^%n#n\Qaxm=hQeei¡[RehQn\k[Rm[W'/\=4kgiª^Ri¡¾v`9Qnj[Rnjkgfy^%elel¾¿i¡n^W¬Qea.²[SZ
: , 5kpD^%mzu,[RmXel¾kp^%eleaykl]Saym=»S^%elhQa%i[%U5 ^%Z\a5fO[Sm=n^WkmQa%u,km,njQa9[RzaymeaO²nz^We ²´








ÇQ[RZÈ¥ ; 5©Qay[RZjay` X¨â9kgia%qÁhXkl»S^Weaym=nn\[5njQa~M¾v^WQhXmQ[%»"n\Qay[SZ\ay`^%¬®[ShQnnjQa^RiG¾=`9Xn\[Rnjkgfªi¡n_^%¬QkleklnG¾9¬za%fy^%hzi¡a£  /5Y4 ; £/5.4_¨rÂm8n\Qaf^Ri¡aª[W ¥ ,n\Qa#XZ\a%iGaym=nfOZ\kn\ayZjkl[Sm[%n\Qa^Ri¡¾v`9Qnj[RnjkgfiGn_^W¬XklelknG¾9kgi!mQay¨r[Rnjan\z^%nytr^RfyfO[SZ_u=kmQ]9nj[9©Qa[RZ\a`
=¨ÿ=t@£ /5Y4 `Ã£  /5Y4_¨r©QayZjaO²[RZjast®kniGayay`5inj[9¬za#mQa%fOa¼i\i\^%Z\¾8n\[9hziGa#n\Qaf­^WZ_^SfOn\a´Z\ki¡n\kfyi!£ /5.4_¤!(`-¥5¹10¼=¤zklm9[SZ_u=ayZn\[#[S¬Qn_^%klm8i¡njZ\[SmQ]RayZZ\a¼i¡hQen_i[Rm8^fO[R`xQhQn\aZy¨
©QkgikgifO[Sm=ozZ\`xa%u±¬=¾f2[R`9QhXn_^Wnjkl[Smz^Weay¢vzayZ\k`9aymvn_iO¨z©vhzi2t B³a%fOn\k[Rm°bkmzfOelh­u=a%i^
i¡k`9Qela!a¢Q^%`9Qela!Qkgf_5iGQ[%in\­^WnnjQayZjaay¢vkgi¡n`5^%n\ZjkgfOa%i 5 !Q[³i¡aiGza%fOn\Z^4¬zaye[RmQ]
n\[n\Qa[S®am±ela2²nz^%ep²´²Qeg^%mQa¬QhQnn\QaZ_^%n\k[£  /5Y40%£ -+ /5.4fy^Wm8¬®a»sayZj¾e^WZj]Ras¨
 JË=Ïz%Ë    
 
£  /5Y4 ; Z  
   >   $" ' 
 )e









 #$¥   / - ¤   3     !&£ /5Y4 ` Z 
%Ï@Ï}fyfO[SZ_u=kmQ]nj[n\XafOeg^Si\iGkgfy^%e@i¡za%f2n\Z_^%e@fOZjklnjayZ\k[Rm[W i¡n_^%¬QkleklnG¾#[W&iG[RehQn\k[Rmzi
²[RZ : ,  /BiGayastas¨ ]Q¨ltU1pA3,4_tn\Qa"mvhQeleDi¡[SelhQnjkl[Sm{[W6/\=4#kgi9iGn_^%¬Qela"km n\Xai¡aymziGa"[W
~M¾v^WQhXmQ[%»±²[RZ : ,Ã9kp^%mzu±[RmXel¾±k ^Weeayk]Raymv»S^WelhXa%i ¸  [W 5Lz^y»sa#¶·Æ¸  ¹9^Wmzu
[RmQe¾5[RmQay´«u=k`9aymziGkl[Rm­^We R[RZuQ^Wm"¬Xel[vf+QifO[RZjZ\a%iGz[Rmzu±nj[9n\Qaªkl`5^%]Rkmz^WZj¾ayk]Raymv»S^WehQa%iO¨
©Æ^=+=kmQ]5klmvn\[5^SfyfO[ShQm=n ©Qay[RZjay`5i=¨ "9^Wmzu=¨ÿb=tMnjQkgikgia%qshQk»R^%elaymvnn\[5£ - /5Y4` Z ¨¯i¡kmQ]©Qay[SZ\ay`.i4v¨âvt=¨ 8^Wmzuv¨E\=tJa9[S¬Qn_^%klmn\­^Wn£ - /5.4(` Z k D^Wmzu-[SmQel¾kp£È /5Y4 ` Z ²[RZ)0%O`-¥5¹  0%v¨ #
©Qa²[Selel[%!kmQ]#n\Qa[RZ\a`/fO[Rmvn_^%klmzi^Wm8klmvn\ay]SZ_^%eMZ\aQZ\a%iGaymvn_^Wnjkl[Sm[%n\XaiG[RehQn\k[Rmzi
[W /jA4_¨v©QkiZ\ayQZja%i¡am=n^Wn\k[Rmxf­^WZ_^SfOn\aZ\klÉa%iÆ^Si¡¾v`9Qnj[Rn\kfQZ\[SzayZ\njkla%i!Qaym :  R Z ¨
 JË=Ïz%Ë   	
 
£È - /5Y4 ; Z "	9£È /5Y4` Z  "Y "& 
'  Q¥   
 ".6  $" 9 / : 4U $
) 
&    
  >G $ &0
G$"<!A
M 9 / : 4eM  ; /j R : M5 Me4   1  //B4 / : 4 V 4=45LR 5T	/«4"/ : 4 V 4=44 9 /« 4_¤ 9 /« 4 /BS 4




 )  ('ú4 / : 4 )  
%Ï@ÏPB³klmzfOa ^!i¡[RehQn\k[Rm 9 / : 4X[W/\=4M`5^y¾!¬za!Zjklnjn\aymkmn\Qa²[RZj` 9 / : 4 ; ·  9 /B 4tkln²[Selel[%i²Zj[R` /jRA4n\­^Wn
 /B4 / : 45 R 5 T 4 / : 44 9 /« 4¤ 9 /« 4 
/BS 4









X(; O¥ M5 M2  -+ V /«4 5PRS5 T 4=4¤
n\Qam
M 9 /« 4eM ; 2¥ M5 M    -  9 /B 4¤ 9 /B 4  V  /«4 5 R 5 T 4=4 9 /« 4¤ 9 /« 4  .
Kaymzf2astQiGhQ¬zi¡njklnjhQn\kmQ]0M 9 /« 4 M  km /«R"4a4[S¬Qn_^%klm /BR"4_¨ #
ÜJn\XafO[Rm­u=klnjkl[Rm­i[W ©Qay[SZ\ay` Q¨ "#^WZja ²hXepozeela%uMtSn\Qaym9²Zj[R` /BR"4^Wmzu5©Qa[RZ\a`
=¨ÿ½a4[S¬Qn_^%klm8n\z^%n!n\Qaªi¡[SelhQnjkl[Sm 9 / : 4[% /\=4i\^WnjkgiBoza%i!n\Qaelk`9kln&Z\aye^Wn\k[Rm
M 9 / : 4eM ; %/ :




·  ;  ·   -
!QayZja -kgin\Qa R[RZ_uX^Wm°fy^WmQ[SmQkgf^WeÆ²[SZ\` [% 5¨MBnDi¡Q[ShQegu±¬za#mQ[Sn\a%u±XayZ\a#njz^Wn[SmQa
fy^Wm"»saZ\kp²¾n\Xa#fO[Smzu=klnjkl[Smzi$[%È©Qay[RZjay` X¨"!kn\Q[ShQn +vmQ[%!ela¼u=]Raª[WnjQa`5^%n\Zjkl¢ ¨
©Qkgi!!klee®²[Selel[%{²Z\[S`/^f2[R`9QhXn_^Wnjkl[Smz^We ^Wel]S[RZjkln\X`/u=a%ijfOZ\k¬®a¼u.km0Bsa%fOnjkl[Rm "v¨
ÇÆkmz^Weel¾stSaa%iGn_^%¬Qelki¡9hQmXkp²[RZj` a¼i¡n\k`5^Wnja%iÆ²[RZ!njQai¡[SelhQnjkl[Smzi[W /\=4[Rm5n\QaDz^We ²´
elkmQa : , =¨@©Qa¼i¡a#a%iGn\kl`.^Wn\a¼i!kleleJ¬za#a%i\iGaymvn\kg^%ele¾h­i¡a%u±km Bsa%f2n\kl[Sm "½²[RZDn\Qa²[ShQmQ´
uQ^Wnjkl[Sm±[W n\Qaª^We]R[SZ\klnjQ` ²[SZ£È /5Y4¨
 JË=Ïz%Ë    
 
£È - /5Y4 ; Z "	9£È /5Y4` Z  "Y "& 
'  Q¥   
 ".6  $" 9 / : 4U $
) 
&    
  >G $ & 
$&(
!A
 4 9 / : 4¤ 9 / : 4  ¹ /\ R : M5 Me4    - 
	 1 ay¢v / V : 0 M24 Me4  4 9 /B"4_¤ 9 /B"4  /B " 4
R  /l¥(R{ V 4 M5 M"M24"M  4 - 	 9 /« 4_¤ 9 /« 4  3B¤









  / : 4 ; /j R : M5 Me4    - 	   4 9 / : 4_¤ 9 / : 4 
²[RZD^Wm¿^WZ\¬Xkln\Z^WZj¾5i¡[SelhQnjkl[Rm 9 / : 4_¨Bsklm­fOa
8
8:   / : 4 ; /j R : M5 Me4(   - 	  88:  4 9 / : 4_¤ 9 / : 4 
V  /l¥ V  R 4eM5 M=/j R : M5 Me4 -  / : 4
^Wmzu 8
8:    9 / : 4_¤ 9 / : 4  ;  /B  5PR 5T_  4 9 / : 4_¤ 9 / : 4  ¤
²Z\[S` ©Xay[RZjay` v¨âb#az^y»sa
8
8:   / : 4 R /j R : M5 Me4   - 
	 M 9 / : 4 M
; O¥ M5 M=/\R : M5 Me4   - 
	    -+ 9 / : 4¤ 9 / : 4 
V  /l¥ V R 4eM5OM=/\ R : M5 Me4(-   / : 4 .
Å,aªu=amQ[Rnja¬v¾ / : 4n\QaZjkl]Rvn\´²z^%mzu±iGkgu=a[W n\Qkia%qÁh­^WelknG¾s¨v¯i¡kmQ]#n\QakmQa%qshz^WeklnG¾
 4 9 / : 4_¤ 9 / : 4  ¹ M24 M"M 9 / : 4eM  ¤
a[R¬Xn_^Wkm 8
8:   / : 4 RCM24 M-   / : 4 ¹ / : 4
[RZ 8
8: /Üay¢v / : 0!M24 Me4   / : 44¹{ay¢=/ : 0!M24 Me4 / : 4 .
Kaymzf2ast
  / : 4¹ ay¢v / V : 0!M24 Me4   /B"4 R   ay¢v/ V / : V & 40 M24!Me4 /#&4 8 & .
ÅamQ[% a%iGn\k`5^Wnjan\Qa²hQm­fOn\k[Rm / : 4¨ J¾9njQa`9[RmX[Rn\[Sm=¾QZj[RzayZ\nG¾








^Wmzu9²Z\[S` n\Qaªu=a2ozmQklnjkl[Sm[%   / : 4aDz^y»sa
 / : 4¹FO¥ M5 M=/\ V /j R : M5OMe4(-4   / : 4
RD /j V 4eM5 M=/j R : M5 Me4(-   / : 4¹FO¥ M5 M   / : 4
RD /j V 4eM5 M=/j R : M5 Me4(-   / : 4¹F /¥ R  V 4eM5 M   / : 4 .
©Qkgi!ela¼^RuQinj[njQaklmQa%qshz^%elklnG¾
  / : 4¹ ay¢v / V : 0!M24 Me4   /B"4
RD /l¥(R{ V 4eM5 M
  ay¢=/ V / : V & 40 M24 Me4   /&4 8 &
¹{ay¢v / V : 0 M24 Me4   /B 4
RD /l¥(R{ V 4eM5 M
  /\ R & M5OMe4(   - 
	  4 9 /#&4_¤ 9 /#&4  8 & .
}i 9 /#&4 ; · *  9 /B 4tQ¬=¾x©Qay[SZ\ay` =¨p²Z\[S` n\Xa4XZ\ay»vkl[Shzi!i¡a%f2n\kl[Sm5a[R¬Qn^Wkm
  / : 4 ¹Äa¢=/ V : 0!M24 Me4   /B"4 R  /¥ R  V  4 M5 M2M24"M  4 - 	 9 /« 4_¤ 9 /« 4  .
d[RmziGa%qshQaymvn\el¾³tÁ²Z\[S` n\XauvaOozmQkn\kl[Sm   / : 4az^y»sa(/B " 4¨ #
 ªÏzWÏ ÜX¼Ì  	 
   G $ & 
$&(
! A
My·2M$¹W/j R : M5OMe4+   - 
	 /¡¸    0S¸     4
/BSb 4
 1 ay¢v/ V : 0S¸    4 R  /l¥(R{ V 4j¸    - 
	   M5 M3B¤
: ¦ =¤ ¦ ,F10%v¤
 

±¸    "	












 )'@¸  - 

















   7( 	!W$$ ( s 	 ¥	
ÇQZ\[R` njQa°u=aOozmQkn\k[Rmzi9[WnjQam=hQ`xayZ\kfy^Wef_z^WZ^RfOnjayZ\ki¡njkgfyi9£  /5Y4kln²[Sele[Wi5n\z^%n
£  /5Y4 ` Z kp&^%mzu[SmQel¾xkp&n\Qaklmvn\a]RZ_^%e /² 4ÈfO[Rmv»sayZ\]Sa%iO¨Bsklm­fOan\Xa4`.^Wn\Zjkl¢
/\R'& M5 Me4   · *  _· * 8 &
kgiKayZ\`9kn\k^Wm5z[si¡kn\k»sa#u=aOo­mQklnjastQn\QaZ\aO²[SZ\astzklm"[SZ_u=ayZDn\[9QZj[%»safO[Rmv»sayZ\]SaymzfOa[%njQa
klmvn\ay]SZ_^%e2/Ü 4tQkln!ki!i¡h .fOklam=nn\[#[R¬Xn_^Wkm±njQaa%i¡njkl`5^%n\a!²Z\[R`^%¬®[%»sa
M24 / : 4eM¹ 
 & : ¤ : ¦Fv¤
!QayZja54 / : 4kgiªu=aOozmQa¼u ¬v¾S/\ 4_¨&[Rnjanjz^Wnª¬=¾©Xay[RZjay` v¨lStú[SmQa5fy^%mi¡hXQz[si¡a
n\z^%n M5OM ; R¨Åa²hQZ\njQayZ^Riji¡hQ`xa!n\z^%n¥ki^4m­^Wn\hXZ_^WezmvhQ`¬®aZ/BiGaya!n\QaDfy^Si¡a[Wr¥ ; klm 1 =34_¨d[Smzi¡ku=ayZ!n\XaiGa%qshQaymzfOaµ%4 /Q4_º!QayZja
4 /Q4 ;    /\R'&4   · * _· * 8 &s¤ M5 M ;  . /Bs4
©Qaym




  - 

 - /j R'&4   · * 2· * 8 & .
Bn!kgi[R¬v»vkl[Rh­i$njz^Wn!njQa`5^WnjZ\kgf2a%i 
 - · *   · * 8 &Á¤   - /\R'&4   · * · * 8 &
^WZja(KayZj`9klnjkg^%m#®[³i¡kn\kl»saªu=a2ozmQklnja^Wm­un\Xa ²[Sele[W!kmQ]#a%iGn\kl`.^Wn\a¼iQ[Segu
/\R   4    - · *  · * 8 &(`   - /\ R & 4  · *   · *  8 &










 	- /j R   4  

 - · *2· *  8 &¹F4 /Q4¹
 
 	-  	  

 - · *  _· *  8 & .
}i
O`     V /\R  !4   ¹     /\ V )0y  4_¤
n\QamnjQaªfO[Rmv»sayZj]Raymzf2a
ekl`     M24 /Q4 M
kgia%qshQk»R^%elaymvnnj[njQaªfO[Rmv»sayZj]Raymzf2a[%n\QaªiGayZ\ka%i
 	-     





 - · *  _· *  8 &s¤  9¦Ã .
K^y»=kmQ]xfy^WefOhQeg^%n\a%u  - ^%mzu ·  afy^Wm¿u=ayn\aZ\`9kmQa[RnjQayZkm=njay]RZ^Wei  St  8¦=tz¬v¾`9a%^%mzi[W&n\QaZjayeg^%n\kl[Smzi
   ; ·  





 	-  	  ·    -     -  	  ·    -   . /BS 4
K[%ay»sayZyt_²[RZiG[Re»=kmQ]Zja%^WeXQZ\[S¬Qelay`.iOtOkn`5^y¾¬za¬zaynjn\ayZ&n\[a%iGn\k`5^Wnjan\Qaf_z^%Z_^Rf2´
n\ayZjkgiGn\kgf!£  -+ /5Y4JklmziGn\a%^Su½[%J£ /5Y4_¨"J¾©Xay[RZjay`*v¨E\4¬z[Sn\9njQa%i¡af_z^%Z_^Rf2n\ayZjkgi¡njkgfyi]Rk»sa4njQaªi\^%`9aklm=²[SZ\`5^%n\kl[Sm8^W¬z[RhQnDn\Qaªi¡za%f2n\Z\hX` [%n\Xa4`.^Wn\Zjkl¢65¨m5n\Qaª[Rn\XayZ










ÇQ[RZ.£  -+ /5Y4#a"h­i¡an\Qaij^W`9aijfQa`9a8^Ri²[RZ8£ /5.4_¨!Bm{n\Xkgi9fy^Si¡akln9kimQa%fOa¼i\i\^%Z\¾9nj[9f2[RmziGkgu=ayZ!njQaklmvn\ay]SZ_^%egi
  -+ /Q4 ;    /j R & 4   - · *   · * 8 &Á¤ M5 M ; S¤
klmziGn\a%^Su[%njQaklmvn\ay]SZ_^Wei/Bs4È^Wmzu
£  -  /5Y4 ;!  -+ elk`     M2  -  /Q4eM .
Å,a[S¬Qn_^%klmQa^Wmz^%el[R]S[RhziGel¾5n\­^Wnay¢=ki¡njaymzfOa[%njQaelk`9kln
ekl`     M2  -+ /Q4 M
kgia%qshQk»R^%elaymvnnj[njQaªfO[Rmv»sayZj]Raymzf2a[%n\QaªiGayZ\ka%i
 	-  	  - 

 - · *_· * 8 & /BS 4
^Wmzu9²[RZn\Qaz^%Z\njkg^WeJiGhQ`    az^y»sa
   ;
 
 	-     - O·    -     -  	  -+_·    -   .
[Sn\an\z^%nk r£  - /5Y4 ; Z ^%mzu#£  /5.4 ` Z ²[SZmz^%n\hQZ^Wev¥n\Xaym#[RmQaDfy^%m#®[Sklmvn[RhQnD^#`5^W|G[RZ^Wmvn!fO[Sm=»saZ\]Ram=nÈi¡ayZjkla%i²[SZ
 	- M     - 

 - · *   · * 8 & M . /BvA4
Bmzu=aya%urtQ^RffO[RZu=klmQ]n\[n\Xa4kmQa%qshz^WeklnG¾?/BSb 4tQaz^y»san\Qa²[Reel[%!klmX]#a%i¡njkl`5^%n\a%i
My·    -   M  ¹       - 
	  ¸   ¸    
  ·     -     R  /l¥ R  V 4j¸    - 
	   9¹  A/  4      - 
	 ¤









M     -   - · *  · * 8 & M
; M  	  -+O·    -     -  	  -+O·    -  2M¹  =/ 4 M   - M   	   .
©QayZjaO²[RZjast=²[RZ^%m=¾"+, +,Ã10¼=tzn\Qaªi¡aZ\kla¼i
 	-  A/ 4eM   - M   	  








J  ²Ë !Æd[RmziGkgu=aZ!n\Qa²[Reel[%!klmX]#`5^WnjZ\kl¢
5 ;  V  . Rv  V  . S= 
!QayZja	kgi&^ ­^WZ_^%`9aynjayZy¨%BnkifOela¼^WZnjz^WnnjQa!ayk]Raymv»S^WelhXa%iú[% 5{^%Z\a!a%qshz^WeXn\[ V 
. S=
²[RZD^Wmv¾
y¨XÂn!ki$km=njayZ\a¼i¡n\kmQ]nj[mX[Rn\aªn\z^%n!n\Qaª»S^WelhXa%i[WnjQaªf­^WZ_^SfOn\aZ\kgiGn\kfyi£  /5Y4^Wmzuª£ -+ /5Y4QkmzfOZja%^RiGa!kn\]RZj[%!n\[%¨%©Qa²[Rele[%!klmQ]!n^W¬Qeaf2[Rmvn_^WkmziJi¡[R`xa»S^WelhXa%i[W£  /5Y4^Wm­u£ -+ /5.4!klnj±Zja%i¡za%fOnn\[n\Qaz^%Z_^%`9ayn\aZ¨
 Ïz%ÐJË=Ï	  /5Y4 Ïz%ÐÆËvÏ -+ /5.4  
y  -+ 
y   -  - 
y   -   -+





































ÇJkl]RhXZ\a#  FZ_^%Qzi![W&n\Qaªf_z^WZ^RfOnjayZ\ki¡njkgfyi£  /5Y4^%mzu±£ -+ /5Y4
mQaªfy^%m±iGayan\z^%n£  /5Y4]SZ\[%i«^Ri¡njayZn\z^%m±£ -+ /5.4_¨Q©vhzi2t=²[RZay¢Q^%`9Qeast
£  /5Y4
£ -+ /5Y4    ²[SZ	 ; 
¬QhQn £  /5Y4
£ -+ /5.4   y ²[RZ	 ;   .





















Bni¡Q[ShQegu9¬zamQ[Sn\a%u9n\­^Wn!n\Xa4[SZ_u=aZ_i[WJnjQaz^WZ^W`9an\ayZi£  /5Y4^%mzu±£ -+ /5Y4f2[RklmX´fOkguvaklm5njQakm=njayZ\k[RZi¡hX¬QZ\ay]Skl[SmziO¨ K[Way»sayZtÁmXa%^WZ¬z[ShQmzuQ^%Z\kla¼i»S^WelhXa%i$[%£  /5.4!^%Z\a]RZja%^WnjayZnjz^Wm5»S^WehQa%i![W £ -+ /5Y4¬v¾5iG[R`9a[SZ_u=aZ_i./Bi¡aa4njQaoz]RhXZ\a%i[Sm±Q@¨ÿR%´ÜXA4_¨Bm5ay¢X^W`9Qea%iW´"½aªfO[RmziGkgu=aZ!n\Qaªi¡¾Xi¡njay` [%[SZ_u=kmz^WZj¾±uvkpÀrayZ\am=njkg^Weza%qshz^%n\kl[Smzi
	   R3·¶ 	  R /
 R  4 	 ;  /BS 4
!QayZja¶¤
±¤  ^WZjaijqÁh­^WZ\a`5^%n\Z\kfOa%i@[WJ[SZ_u=ayZXt  ¤!·!^%Z\az^WZ^W`9aynjayZ_i2¨sBm­^WZ\njkgfOhX´
eg^%ZytQn\XaiG¾QiGn\ay` [W ~@^W]SZ_^%mQ]Rk^Wma%qÁh­^Wn\k[RmzikiZja%u=hzfOa¼u.nj[#n\QaªiG¾QiGn\ay` [WiGhzf_9nG¾=za
/BiGayastQas¨ ]Q¨lt1pS	34¨Q©Qai¡¾Xi¡njay` /«R"4!fy^%m±¬zaZ\ay!Zjklnjn\aym5klmxn\Qa²[RZj`
8"9
8:<; 5 /  ¤O·=4 9
!QayZja
9 ;  		   ¤ 5 /  ¤O·=4 ;   XV /
 R  4 V ·y¶  .
d^WefOhQeg^%n\kmQ]£  /5 /  ¤O·=44&^Wm­u£ -+ /5 /  ¤O·=44@²[SZa%^Sfo­¢=a%uz^WkZ/  ¤O·=4Jakmzu=kfy^Wnjan\Qaª^Si¡¾v`9Qn\[Sn\kfi¡n^W¬QkelklnG¾Éy[RmXa%i$km5Z_^WmX]Ra%i![W&»S^WZ\k^Wnjkl[Rm8[W&n\Qa¼i¡az^WZ^W`9an\ayZiO¨





       
   
   
 ¤ ¶ ;


  V 
. "  
V 
. "   
    . "





       V 














       
   
   
 ¤ ¶ ;


  V   V        . "





       
   
   
 .






. "   
   
   
    . "
  ¤ ¶ ;


  V  V  V    
V  V   
. "






       
   
   
  .





 y      
   . " 
    . "
  ¤ ¶ ;


  V  V  V    
V  V   
. "






 "   V    
   V 
V  V " V  "
 .
J  ²Ë=  Æd[Rm­i¡kguvayZ!n\QaªiG¾QiGn\ay`













 --  --     --        --  -  -     -        -   -   -      -         -   -   -      -    
  --     -  -  -     -      -    -   -   -      -       -     -  -  -     -       -    -   -   -      -      -     -   -   -          -     -  - -  - -         -    - -  -+--  -+--          -    -+--  -+-

¤
 -- ;  . bss¤  - ;  . Rv¤   - ;  . R=¤   - ;  . " "=¤  - ;  . S=¤   - ;  . bÁ³¤
 - ;  . RS¤   - ;  . RX¤   - ;  . "Sb=¤  - - ;  . RX¤  -+-- ;  . =\=¤  -+- ;  . \S=¤
 -- ; V  . Rv¤  - ;WV  . RX¤   - ;WV  . RX¤	  - ;  . ¤	 - ;CV  . RQ¤   - ;WV  . \R=¤
 - ;CV  . \S=¤   - ; v¤   - ; V  . RS¤  - - ;WV  . RX¤	 -+-- ;WV  . SQ¤
 -- ;  . bÁ³¤  - ;  . S=¤    -;  . R=¤    - ;  . " "=¤   - ;  . Rv¤    - ;  . bss¤





 -                                                 










 - ; V R¤   ;WV  . Rv¤    ;WV  . Rv¤    ;WV  . S=¤   ;WV  . S=¤    ; V  . bÁ³¤  ; V  . bÁ³¤    ;WV  . S=¤    ; =¤  -  ; =¤  -+- ; v¤  -+ ; =¤
 






           
           
           
           
           
     \      
      \     
           
           
           
           






























       ²ËJRÌFÏ#(JË






^We]R[RZjklnjQ` n\­^Wm±njz^Wn²Zj[R` B³a%fOn\k[Rm "=¨mQa fy^Wm¿^WegiG[#klmv»sa%i¡njkl]³^Wn\a ^Wmz^%el¾vn\kgfQZ\[S®aZ\´
n\ka%iÆ[Wú£  /5Y4rklm#[SZ_u=aZnj[u=aOo­mQa!n\Qa!¬z[ShQmzuQ^%Z\kla¼i [%@njQai¡n^W¬QkelklnG¾Éy[SmQa%ifO[S`9QhQnjklmQ]
»S^WelhXa%i$[%£  /5Y4[Rm¿^Z_^%Z\a]SZ\ku.km8^Z_^WmX]Ra[%»S^WZjkg^Wnjkl[Sm[%n\Xa4­^WZ_^%`9aynjayZ_i2¨
    Ï    yÏË Æ%Ïz²Ë 
ªÏ   JËvQ  zËvÆ%}!n!QZ\a¼i¡aymvnytvhzi¡kmQ]njQa































































































































































































































































































mXa%^WZu=kpÀrayZjaym=njkg^%ea¼qÁhz^%n\k[Rmziªi¡¾Xi¡n\a`"t e$   a+   tJv/B"4 SW´²QRt!\S
/«$h­i\i¡k^Wm 4¨
1 =3}ª¨]H^=¨!JhQel]³^A+s[%»5^Wm­u Bz¨ED#¨ F[vu=hQmQ[%»rtúd^%egfOhXeg^Wnjkl[Sm±[W ®[³i¡kn\kl»saªu=a2ozmQklnjaªi¡[RehQ´
njkl[Smzi[%Jn\Qa~M¾v^%QhQmQ[%»a%qshz^Wnjkl[Rm t !   ) 





 " vtQb JW´B \=tJy \ "Q/«$hziji¡k^Wm 4¨
1 =3 Fª¨#¨vay`9ku=aym +s[Xt=Bmvn\ay]SZ_^%eM[RzayZ^Wnj[RZ_iu=aOo­mQa%u¬v¾9¬z[RhQm­uQ^WZj¾»S^%elhQaXZ\[R¬Xelay`5i
²[SZªqÁhz^Si¡kayeleklQnjkgfa%qshz^Wnjkl[Rm­iOt %1       RSb /#" 4 %b "%´¡¼bRvt!yRS mQ´
]Selki¡5n\Z^WmziGeB¨Qklm  $"      %1= /    tvsb /B 4 M%s%´B%"\=t&yRS=¨
1  3 Fª¨#¨!ay`xkgu=aym!+s[Qt!©@[{qshQa%iGn\kl[Sm^W¬z[ShQnu=aynjayZ\`9kmz^Wnjkl[Sm{[W`5^%n\Z\kfOa%i!X[si¡a
iGza%fOn\ZjhQ`5izelkla[Smn\Xak`5^W]Sklmz^%Z\¾D^W¢vkgi2t%Y ZjayQZjklmvnJÂm­i¡ny¨y[%r"^Wnj@¨S$hziji¡k^Wm#}Dfy^RuM¨
BÁfOkB¨t B³kl¬zayZ\k^Wm JZ_^%mzf_@tz[Q¨ryvtÆRR /B!hzi\iGkg^Wm4_¨
1 "=3 Fª¨#¨ya`9kgu=am +s[Qtmª^fOe^RijiM[WriG®a¼fOn\Z^WeXfz^%Z_^SfOn\ayZjkgiGn\kgfi®[WX`5^%n\Z\kfOa%i2tN e$        t /Ünj[9^%Qza%^WZ4_¨
1 b=3 Fª¨#¨@ay`xkgu=aym!+s[QtrÂmvn\a]RZ_^%egi[WD~M¾v^%QhQmQ[%»nG¾=zax^Wmzu,njQaykZ^%QQekgfy^%n\kl[SmziOt 
       t /²n\[^WX®a¼^WZ	4¨









"  & 






1 =3 B­¨ED#¨ F[vu=hQmQ[%»5^%mzu9}¨IH^=¨"JhQe]s^=+s[W»rtsk5f2hQelnXwa%iu=aDfy^WefOhQeruQ^%mzieaQZj[R¬Qe ay`9a





$"     
   
 "" a 
a  	   
 & 





   
_  &$ 
	   
 e"$& 
   $" N
> 
W














1pS	3 H^v¨#Fª¨yY^%mQ[%» +s[Xt 
 ) 	$" - 
" )   




   
 "  
" )Qa "$ " ) %  .
 
  $  $" 2t
D^Wh +S^=tz±[³i\fO[%t@Á% /B!hzi\iGkg^Wm4_¨
1pA3 Fª¨ $¨BsQkel[%»Mt	  
&($
U  )e #) 
"	  N
 $2  =
_tX^Wh!+R^vtQ±[³i¡´
f2[WtrySb "Q/«$hziji¡k^Wm 4¨
1p23 Q¨^K¨=Å{ke +vklmziG[Rm@t  
  & 
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